Page 2 of 48 Molecular Ecology 63 cohort, are selectively removed from the population, often at very high rates. The resulting 64 selection against large body size is predicted to favor fast life-histories characterized by the 65 Page 3 of 48 Molecular Ecology 4 evolution of earlier maturation at smaller size and higher energy investment into 66 reproduction, which reduces post-maturation growth (Stearns 1992; Heino et al. 2015). 67 Despite the accumulating empirical evidence from observational phenotypic data collected 68 in the wild (Jørgensen et al. 2007), there has been a long controversy on the question of 69 whether phenotypic changes in time series are truly evolutionary or merely reflect plastic 70 life-history responses (Browman et al. 2008; Hilborn & Minte-Vera 2008) and what is the 71 rate of fisheries-induced evolution (Andersen & Brander 2009). Furthermore, the impact of 72 fisheries-induced selection on gene expression (how many genes and how fast expression 73 changes) is unknown. This is a major shortcoming for understanding the molecular 74 mechanisms involved in harvest-induced evolution. 75 Another question which has been rarely studied empirically, is whether or not populations 76 can recover from harvest-induced evolutionary changes (e.g., following a fishing 77 moratorium) and if so, at what pace? Size-selective harvesting can be a more intensive 78 selection force than natural selection (e.g., predators, competitors; Darimont et al. 2009).
ABSTRACT 21 Gene expression changes potentially play an important role in adaptive evolution under 22 human-induced selection pressures but this has been challenging to demonstrate in natural 23 populations. Fishing exhibits strong selection pressure against large body size, thus 24 potentially inducing evolutionary changes in life-history and other traits that may be slowly 25 reversible once fishing ceases. However, there is a lack of convincing examples regarding the 26 speed and magnitude of fisheries-induced evolution and thus the relevant underlying 27 molecular-level effects remain elusive. We use wild-origin zebrafish (Danio rerio) as a model 28 for harvest-induced evolution. We experimentally demonstrate broad-scale gene expression 29 changes induced by just five generations of size-selective harvesting, and limited genetic 30 convergence following the cessation of harvesting. We also demonstrate significant allele 31 frequency changes in genes that were differentially expressed after five generations of size-32 selective harvesting. We further show that nine generations of captive breeding induced 33 substantial gene expression changes in control stocks likely due to inadvertent selection in 34 the captive environment. The large extent and rapid pace of the gene expression changes 35 caused by both harvest-induced selection and captive breeding emphasizes the need for 36 evolutionary enlightened management towards sustainable fisheries. example of selective wildlife harvesting is fishing, where the largest individuals, cohort after responses in exploited populations is crucial for the design of management tools aimed at 89 sustainable exploitation of natural biological resources. 90 Many fisheries are experiencing over-exploitation and consequently temporary moratoria or 91 no-take reserves are being established to help fish stocks to replenish. Since a moratorium 92 can be considered as a rather extreme management practice to facilitate the recovery of an 93 over-exploited fish stock, supplementary stocking (i.e., the release of hatchery-reared fish to 94 supplement the natural population) is more commonly applied to restore and conserve wild 95 populations, particularly in freshwater environments (Lorenzen et al. 2012) . However, in 96 many cases, whether or not hatchery-reared fish actually help population recovery has been 97 questioned (Ryman & Laikre 1991; Araki et al. 2007 ). This is mainly because unintentional The founder fish were bred randomly for one generation to enable acclimation to captive 124 conditions and reduce possible parental effects before the selection experiment started. 125 Briefly, we subjected replicated (two replicates per harvest treatment, each consisted of 450 126 individuals) wild-origin zebrafish populations to selection for small body size (hereafter 127 referred to as "large-harvested", which is the treatment most similar to fisheries), while we 128 harvested the control lines randomly with respect to body size ("random-harvested"). For fisheries. In the random-harvested line, the same proportion (75%) of individuals was 134 harvested in each generation, but randomly with respect to body size. In both harvest 135 treatments, the remaining 25% of females and males (i.e., 112 individuals) were used for 136 reproduction (Uusi-Heikkilä et al. 2015). The harvesting regime was conducted for five 137 generations (F 1 -F 5 ) and then halted for an additional six generations (F 6 -F 11 ), hereafter 138 referred to as the "no-harvest period". During the no-harvest period, the experimental 139 populations consisted of 110-120 individuals. As fish were not harvested during this period, 140 all fish were allowed to reproduce. Large-and random-harvested fish were reared in a 141 common-garden environment, including similar feeding regimes and rearing densities across Methods: Zebrafish rearing conditions and harvesting for more details about fish rearing, 145 feeding, harvesting and breeding. 146 RNA sampling 147 The liver transcriptomes were characterized for a total of 48 individuals which included four 148 fish from each treatment replicate sampled in each of three generations: F 2 -(large-or 149 random-harvested for two generations), F 5 -(large-or random-harvested for five 150 generations) and F 11 -generations (six generations of no harvesting following five generations 151 of large or random harvesting). Before the first liver sampling, fish had been reared and 152 bred in the laboratory for three generations (and harvested for two generations). differentially expressed genes of other biological processes. Therefore, the liver sampling 168 schedule did not follow the age (days post fertilization; DPF) of the experimental fish but 169 rather aimed for sampling the fish at similar developmental stage. The fish matured, and 170 consequently were sampled, at different ages in each generation (F 2 at age 116 DPF; F 5 at 171 age 69 DPF, and F 11 at age 97 DPF). However, there were no significant age differences 172 between the random-and large-harvested fish within the F 2 -, F 5 -or F 11 -generations (Table   173 S1). A detailed description of the RNA sequencing can be found in SI Materials and Methods: 174 Sampling, sequencing and processing the sequence data; RNASeq read alignment. 175 Gene expression quantification 176 The effects of size-selective harvesting were assessed by comparing the gene expression 177 profiles of the large-harvested and random-harvested fish following five generations of 178 harvesting ( Fig. 1 ). As all treatment replicates had by then likely experienced similar (inadvertent) selection pressures associated with captive rearing, the random-harvested 180 treatment can be considered as a control with respect to size-selective harvesting. To assess 181 the effect of six generations of no harvesting following five generations of harvesting, we 182 compared the gene expression profiles of large-and random-harvested treatments at the 183 F 11 -generation ( Fig. 1 ). We additionally studied the change in the gene expression profile of 184 the large-harvested fish by comparing the changes in gene expression from the F 2 -to F 11 -185 generation to changes from the F 2 -to F 5 -generation ( Fig. 1 ). By doing so our aim was to 186 assess whether there were genes where the expression effects of size-selective harvesting 187 remained following the six generation no-harvest period. c was the standard length (mm), and d was the wet mass (g). All explanatory variables were 228 treated as fixed effects. 229 We used a hypergeometric test to study explicitly whether differentially expressed genes 230 overlapped between certain comparisons (e.g., between the harvest treatments across The variance in expression level for each gene was estimated across the four individuals in 247 each treatment replicate (inter-individual variance) by using RUVg -normalized and scaled 248 read counts (Risso et al. 2014 ). The median of the gene-specific variances across all genes 249 for each treatment replicate was then calculated. Gene expression variance within each 250 generation and treatment replicate was bootstrapped 10,000 times with 1,000 random 251 genes in each bootstrap. After that, the change in the estimated median gene expression 252 variance from the F 2 -to F 5 -generation and from the F 5 -to F 11 -generation was calculated. We 253 further tested whether the difference in gene expression variance was significant within the 254 harvesting (from F 2 to F 5 ) and the no-harvest periods (from F 5 to F 11 ) between the harvest 255 treatments using a paired t-test. 256 
SNP calling and annotation 257
All individuals were used for single nucleotide polymorphism (SNP) identification and calling. 258 Only SNPs with a minimum allele frequency of at least 0.1 were included. We used SAMtools 259 (v.0.1.19) and the corresponding BCFtools to extract SNPs within a coverage range of 10 -260 10,000, and filtered out SNPs within 10bp distance from indels. In addition to the default 261 parameters in SAMtools, additional filtering steps were conducted: removal of potential 262 indels, SNPs with an overall locus quality of lower than 999 (in SAMtools, a quality of 999 263 refers to a very good variant quality), and SNPs occurring outside chromosomes 264 (mitochondrial and unassigned scaffold regions). SNPs where at least 43 (out of 48) 265 individuals in each generation were successfully genotyped with at least 15X coverage (i.e., 266 at least 43 individuals had at least 15 reads covering a valid SNP position) were retained. 267 Following these filtering steps, 58,217 SNPs remained. To visualize differences in allele frequency patterns across generations, we conducted a PCA on SNPs retained in the analysis 269 and with all individuals having a valid genotype (21,181 SNPs; Fig. S1 ). 270 
Association between gene expression and SNP allele frequency changes 271
To study the association between gene expression and SNP allele frequency changes in 272 order to demonstrate a genetic basis for changes in gene expression levels, we first 273 conducted an expression quantitative locus (eQTL) analysis. eQTLs are regions of the 274 genome containing DNA sequence variants (e.g., SNPs) that influence the expression level of 275 one or more genes. To identify SNPs that are located close to genes and then link variation 276 in expression values to SNP genotypes, we used the MatrixEQTL R package (Shabalin 2012) . 277 We performed linear regression of RUVg -normalized expression values and SNPs with 278 generation and treatment replicate as covariates (included to account for population 279 stratification). SNPs with more than four genotypes missing were filtered out and gene 280 expression values were quantile normalized to fit a standardized normal distribution to 281 avoid the overdispersion effect resulting from outlier individuals (resulting in excess of false 282 positives). Although eQTLs for a certain gene can be found in any chromosome (trans-283 eQTLs), we focused on local (cis) eQTLs which map to the approximate location (i.e., < 1M 284 bp) of the gene. 285 We further compared the allele frequency changes (from F 2 -to F 5 -generation) between the 286 large-and random-harvested fish 1) across all 58,217 SNPs, 2) in 14,500 gene-associated 287 SNPs (one association per SNP extracted by the MatrixEQTL based on the lowest P-value) in 288 differentially expressed genes and in genes that were not differentially expressed (detected 289 at the F 5 -generation), and finally 3) in SNPs assigned as eQTLs and not assigned as eQTLs. 290 The observed average allele frequency changes were compared to a permuted allele frequency change distribution. The permuted distribution consisted of 10,000 mean values, 292 which were sampled from a dataset where we pooled the allele frequency changes of 1) all 293 SNPs in random-and large-harvested fish, 2) gene-associated SNPs occurring in differentially 294 expressed genes and in genes that were not differentially expressed separately for both 295 harvest treatments, and 3) all SNPs assigned and not assigned as an eQTL separately for 296 both harvest treatments. 297 Estimating the contribution of genetic drift 298 To determine the relative contribution of neutral (drift) and adaptive (selection) processes 299 during gene expression evolution, the variation in gene expression level explained by the 300 replicates (drift) and the harvest treatment (selection) were estimated using MANOVA. For 301 each generation, the amount of variation in gene expression explained by the two models 302 was compared: one with harvest treatment and treatment replicate as explanatory variables 303 and one with only treatment replicate as an explanatory variable. The input data for the 304 MANOVA analysis were the three first principal components, which explained most of the 305 variation in expression count data between the harvest treatments and generations. 306 All analyses were conducted in R (version 3.1.3; R Core Team 2016) packages lme4, Base 307 Stats, limma, RUVnormalize, and MatrixEQTL.
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Broad scale differences in gene expression and reduction of gene expression variance after
310 five generations of size-selective harvesting 311 Expression differences were detected between the large-and random-harvested treatments 312 in 509 transcripts (2.80% of all expressed genes) at the F 2 -generation ( Fig. 2A) . Three generations later, the number of differentially expressed genes had increased by more than 314 ninefold, with expression differences between large-and random-harvested fish in 4,310 315 genes (23.7%; Fig. 2A ). The absolute fold change of these differentially expressed genes was 316 significantly higher among large-harvested (1.06 ± 0.02; median ± 95% confidence interval) 317 than random-harvested fish (0.92 ± 0.01; W=1,0146,000, P < 0.001; Fig. S2A ). Fold change 318 was also significantly higher during the harvesting period (F 2 -F 5 ) than during the no- 319 harvest period (0.80 ± 0.01; F 5 -F 11 ) among the large-harvested fish (W=1,0567,000, P < 320 0.001; Fig. S2B ). An individual-level PCA revealed that the gene expression differences were The differentially expressed genes between large-and random-harvested individuals at the 331 F 5 -generation contributed to various major biological processes, such as translation and 332 transcription (P < 0.001), lipid and steroid biosynthesis (P = 0.003) and energy metabolism (P 333 = 0.034; Table S2 ). The central genes of the three most significant gene networks were 334 ELAVL1, EBP and MSMO1 ( Fig. S3A -C; Table S3A ). In addition, five putative upstream 335 regulators were implicated (Table S3B) .
Reductions in gene expression variance between individuals within harvest treatments were 337 evident in both size-selective (large-harvested) and non-selective (random-harvested) 338 harvesting regimes during the harvesting period ( Fig. 4A; Fig. S4 ). The reduction in variance 339 was particularly clear in one of the replicates of both harvest treatments while in the other 340 replicate the variance reduction was less substantial (Fig. 4A ). 341 The average allele frequency change during the harvesting period in more than 58,000 SNPs Gene expression response to a no-harvest period 357 After six harvest-free generations that followed five generations of size-selective or non-358 selective harvesting, differences in gene expression between large-and random-harvested fish had eroded to some extent, but there still remained a large number of differentially 360 expressed genes (3,171 genes, 17.4%; Fig. 2A ). Variation in PC 1 was weakly explained by 361 harvest treatment (F = 3.62, P = 0.078) and treatment replicate (F = 3.77, P = 0.074). 362 Variation in PC 2 was explained by none of the variables, and in PC 3 by harvest treatment (F 363 = 45.6, P < 0.001), individual standard length (F = 14.7, P = 0.003) and wet mass (F = 11.9, P = 364 0.005). A consistent gene expression difference between the transcriptome profiles of 365 harvest treatments in the F 11 -generation was not evident in the two first principal 366 components ( Fig. 3C ), but it was evident in the third principal component (Fig. 3F) . It 367 appears that the effect of harvest treatment on gene expression differences was weaker 368 and that the random processes played a more important role following the no-harvest 369 period (F 11 ) compared to following the harvesting period (F 5 ). 370 Many of the genes differing between the harvest treatments were enriched for biological 371 processes related to RNA processing and metabolism (P < 0.001), protein catabolism (P = 372 0.004), ribosome biogenesis (P = 0.012) and nitrogen compound metabolism (P = 0.016; 373 Table S4 ). Central genes of the key networks were HNF1A, ESR1 and MDM2 ( Fig. S5A Table S3C ). Also several significant upstream regulators were implicated (Table S3D ). Out of 375 the more than 3,000 differentially expressed genes between the harvest treatments in the 376 F 11 -generation only around a quarter (826 genes) were in common with genes differentially 377 expressed between the large-and random-harvested lines at the F 5 -generation (P < 0.001; 378 Fig. 2A ). 379 A more conservative approach to study the effect of no-harvest period on a size-selectively 380 exploited population is to compare the gene expression profiles of the large-harvested fish 381 across generations (i.e., from F 2 to F 11 ). In that comparison, we identified 3,007 differentially expressed genes (Fig. 2B ) out of which 1,159 (38.5%) were the same genes that were 383 affected by size-selection during the harvesting period (P < 0.001). These over 1,000 genes 384 were largely different compared to the differentially expressed genes shared between the 385 harvesting and no-harvest period in the random-harvested fish (75 genes in common; P = 386 0.006). The genes that were differentially expressed in large-harvested fish during the 387 harvesting period and remained differentially expressed after the no-harvest period were 388 enriched for biological processes associated with protein transport and localization (P = 389 0.015), and for genes in the insulin signaling pathway (P = 0.045; Table S5 ). 390 Expression variance during the no-harvest period (F 5 -F 11 ) had differing patterns of change 391 for the size-selected and non-selected harvest treatments compared to patterns during the 392 harvesting period (F 2 -F 5 ). Interestingly, gene expression variance decreased by 25% in 393 large-harvested fish after the cessation of harvesting, but increased by 34% in random- 394 harvested fish ( Fig. 4B; Fig. S4 ). 395 Genetic drift 396 In the F 5 -generation, the MANOVA model with the harvest treatment and the treatment 397 replicate (full model) as explanatory variables explained substantially more of the variation 398 (54%) in the three principal components as opposed to a model with only a treatment 399 replicate as an explanatory variable (reduced model; 28%; Table S6 ), suggesting that 400 differences in gene expression were better explained by the effects of both selection and 401 genetic drift rather than by genetic drift alone. 402 
The effects of captive rearing on gene expression
To identify gene expression changes potentially induced by captive rearing, we compared 404 the expression patterns of the random-harvested fish at the F 2 -and F 11 -generations, and 405 identified 4,978 differentially expressed genes (27.4%). These genes contributed to 406 biological processes such as DNA metabolic processes (P = 0.001), oxidative phosphorylation 407 (P = 0.029) and protein catabolism (P = 0.029; Table S7 ). The central genes of the three most 408 significant networks were CHAF1B, TRIP13 and CYB5R2 ( Fig. S6A-C ; Table S3E ). More than 20 409 upstream regulators were implicated (Table S3F ). Out of the almost 5,000 differentially 410 expressed genes between the F 2 -and F 11 -generations in random-harvested fish, 924 were in 411 common with those differentially expressed between the F 2 -and F 11 -generations in large-412 harvested fish (P < 0.001; Fig. 2B ). Approximately 3% of these genes were associated with 413 insulin signaling pathway (P = 0.006). . While aggression, body weight and feeding behavior are also polygenic traits similar 463 to body length on which selection was operating on in our study, the larger gene expression 464 differences we observed due to size-selective harvesting may be partly related to the 465 differences in tissues sampled (e.g., brain, muscle or intestine vs liver), differences in gene 466 expression analyses and therefore in sensitivity to detect differentially expressed genes 467 (microarray vs RNASeq) or to the fact that many of these studies were conducted on 468 domesticated animals which may have already lost genetic diversity. Nevertheless, our 469 results demonstrate that size-selective harvesting (and not drift alone) can rapidly induce 470 gene expression changes on a broader scale than reported in many of the previous 471 domestication studies or selection experiments conducted on vertebrates. Further research is required to identify the specific mechanisms causing the gene expression differences. 473 However, given the common-garden environment, which minimized environmental 474 differences between the harvest treatments, along with substantially higher average allele 475 frequency changes in differentially expressed genes compared to genes that were not 476 differentially expressed in both harvest treatments ( Fig. 5B ) and in eQTL SNPs in large- 477 harvested fish compared to SNPs not assigned as eQTLs (Fig. 5C) , it is likely that at least 478 some of the expression differences we report have a genetic basis. in the present study were immature and there were no differences in body size between the 486 large-and random-harvested fish at the time of sampling (Table S1) Protein turnover is a fundamental biological process related to somatic growth (Reeds 496 1988). We detected a significant proportion of the differentially expressed transcripts 497 between large-and random-harvested fish to be enriched for processes associated with 498 protein synthesis and metabolism, such as transcription and translation. Another important 499 process differing significantly between the harvest treatments was oxidative 500 phosphorylation, which is the metabolic pathway forming ATP that stores and supplies 501 energy, for instance for protein and lipid metabolism (Alberts et al. 2002) . Harvest (Table S8 ). It could be speculated that differences between 511 harvest treatments found earlier in maximum body size, exploration behavior (Uusi-Heikkilä 512 et al. 2015) and condition factor between the harvest treatments are consistent with the 513 observed differences in expression of genes that can be broadly associated with feeding, 514 circadian rhythms, somatic growth and maturation. However, it is good to keep in mind that 515 while our data represent interesting signals and gene ontology enrichments, follow-up 516 studies are required to establish more direct links between the gene expression differences 517 observed here, and the phenotypic differences observed previously (Uusi-Heikkilä et al. 520 The number of differentially expressed genes between the harvest treatments decreased 521 during the no-harvest period from 24% to 17% but the differences in gene expression 522 profiles were still substantial after this period and expression differences remained in genes 523 that are linked to growth-related processes at the physiological and behavioral level. 524 Differentially expressed genes detected between the harvest treatments after the no-525 harvest period were enriched in biological processes that are important in energy release 526 and cell growth. Among the most highly expressed regulators, hypocretin receptor 2 527 (HCRTR2) is known to be associated with appetite and feeding behavior (De Lecea et al. 528 1998). 529 The genes that were differentially expressed between the harvest treatments at the F 11 -530 generation were generally different to those that differed at the F 5 -generation: only a 531 quarter (26%) of the differentially expressed genes between the large-harvested and 532 random-harvested stocks were identical between the harvesting and the no-harvest period. Even after six generations of no harvesting (i.e., at F 11 ), significant differences in expression 548 levels remained in one third of the genes observed to have differential expression patterns 549 after the five generation harvesting period. These approximately 1,000 genes were enriched 550 for biological functions such as protein transport and localization, and insulin signaling 551 pathway. One could argue that these genes might have been under selection to captive 552 rearing but this seems unlikely because out of these, only 75 genes were in common with 553 the genes that were differentially expressed among random-harvested fish in the equivalent 554 generation-level comparison. Although the differentially expressed genes were mostly 555 different between the harvesting and no-harvest period, a small group of reproduction-and 556 maturation-related genes were up-regulated among large-harvested fish during the 557 harvesting period and down-regulated during the no-harvest period (Fig. S8 ). Large-558 harvested fish have been shown to invest a relatively high amount of energy into 559 reproduction (Uusi -Heikkilä et al. 2015) , which could at least partly explain the up-regulation 560 of these genes during the harvesting period. Selection pressure for reproductive investment 561 likely relaxed after the harvesting was halted. Admittedly, age could have confounded the 562 between-generation comparisons as the fish were sampled in each generation at different 563 age (in days). However, the expression of maturation-related genes might not have been 564 confounded by the sampling design as fish were always sampled at the same developmental stage (i.e., they were all immature). Although expecting the populations to reverse back to 566 the early-harvest state might not be entirely realistic, at least not in the current laboratory 567 setting where the fish were under selection for captive rearing, both above mentioned 568 approaches (i.e., comparison between harvest treatments and generations) generally lead 569 to the same conclusion: a component of the effects of size-selective harvesting still 570 remained despite six generations of no harvesting. 571 The effect of harvesting and a no-harvest period on gene expression variance 572 During the harvesting period, gene expression variance decreased in both harvest 573 treatments. This could be due to reduced population sizes but it is possible that also 574 random-harvested fish were under selection pressure due to high harvest rate or intrinsic 575 fecundity selection (Uusi -Heikkilä et al. 2015) . However, the reduction in gene expression 576 variance was not entirely consistent within the harvest treatments (i.e., one of the 577 treatment replicate in both harvest treatments showed less reduced variance) possibly due 578 to the limited number of biological replicates. 579 We show not only that gene expression variance was reduced after five generations of size-580 selective and non-selective harvesting but it continued to decrease among large-harvested 581 fish during the no-harvest period which mimicked a harvest moratorium. However, among 582 random-harvested fish gene expression variance increased during the no-harvest period. 583 This might suggest that the combined effects of selection and drift were stronger in the 584 large-harvested treatment and/or the response to captive rearing was relaxed in the 585 random-harvested treatment, but not in the large-harvested line after the cessation of 586 harvesting. Thus, it is possible that large-and random-harvested fish responded differently 587 to captive rearing. Further, it has been suggested that adaptive (life-history) evolution can be very rapid during early phases of selection but it may also cease rapidly (Reznick et al. (Fig. S1 ), it appears that during the early selection, the individuals from the different harvest 595 treatments were already genetically different but their gene expression profiles were not 596 markedly different. Thus, at the F 2 -generation they seemed to exhibit strong canalization 597 which broke down at the F 5 -generation potentially due to selection, and gene expression . 625 We showed that nine generations of rearing and breeding in captivity affected the 626 expression of a large number of genes. Over 27% of all expressed genes investigated were 627 differentially expressed between the F 2 -and F 11 -generations in random-harvested fish. 628 However, as the fish at the F 2 -, F 5 -and F 11 -generations were sampled at different ages due 629 to the fact that age at maturity was evolving during the experiment one cannot rule out the 630 possibility that age differences could have also contributed to between generation 631 comparisons within harvest treatments. Most earlier studies that have shown gene growth selection and therefore cannot be directly compared to our results. 642 The key gene networks of the differentially expressed genes were associated with RNA 643 repair, post-transcriptional modification and cholesterol biosynthesis (Table S3E ). Some of 644 the significant upstream regulators are known to be involved in reproduction through 645 mediating estrogen and progesterone production, steroidogenesis and cell proliferation 646 (Table S3F ). Thus, adaptation to captive environment may have not only affected growth-647 related but also maturation-related processes. In fact, we showed that maturation-and 648 reproduction-related genes were up-regulated among the random-harvested fish (from F 5 649 to F 11 ), and we have shown earlier that the random-harvested fish have a higher age-specific 650 maturation probability than large-harvested fish (Uusi-Heikkilä et al. 2015) . This is in 651 agreement with other studies showing that fish held in captivity tend to mature later than A second approach for identifying genes potentially affected by captive rearing was to 658 compare the gene expression profile divergence of large-harvested fish between the F 2 -and 659 F 11 -generations to that of random-harvested fish between the same generations. The 660 comparison of gene expression profiles of F 2 -and F 11 -generations in large-harvested fish 661 revealed 3,000 differentially expressed genes and in random-harvested fish almost 5,000 662 genes (Fig. 2B ). Out of these two sets of differentially expressed genes, only 924 genes were 663 in common between the two harvest treatments. These roughly 900 genes potentially 664 include those predominantly affected by selection for captive rearing, although it is possible 665 that some of the remaining almost 4,000 genes are as well, but have been differently 
Gene expression differences following a no-harvest period
